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actuated panel lock (34) provides panel locking and 
unlocking through actuating the prime mover. 




a. 

LU 



Printed by Xerox (UK) Business 
2.16.7 (HRS)73.6 



EP 0 846 830 A3 



Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 604G 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with in ci cation, where appropriate, 
of relevant passages 



Relevant 



CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 



Y 
A 



US 1 976 223 A (HEDLEY) 

9 October 1934 (1934-10-09) 

* page 3, line 34 - line 106; figure 1 * 

US 5 172 518 A (Y0SHIN0 MITSUJI) 
22 December 1992 (1992-12-22) 

* column 2, line 37 - line 51; figures 1-E 
* 

US 4 901 474 A (BAYARD ROBERT 6 ET AL) 

20 February 1990 (1990-02-20) 

* column 7, line 66 - column 8, line 22; 
figures 1,6,8,9 * 

EP 0 509 128 A (HAUSHAHN C GMBH CO) 

21 October 1992 (1992-10-21) 

* column 3, line 27 - line 44 * 

* column 5, line 2 - line 12; figures 1-5 



1,2 
1,2 

1,2 
3-5 

3-5 



E05F15/18 
E05B47/02 
B61D19/02 
E05F15/14 



TECHNICAL FIELDS 
SEARCHED (InLCLe) 



E05F 

E05D 



The present search report has been drawn up for all claims 



THE HAGUE 



Date of completion of the used 

16 February 2800 



Guillaume, G 



CATEGORY OP CITED DOCUMENTS 

X : parbcuterty recent if taken eione 

Y : petrtioularty relevant combined wth another 



A 

O: 
P: 



document 



T : theory or principle underlying the invention 
E : earlier patent document, out pubtsehed on, or 

after the fling dale 
D : document eJted In tha application 
L : document ofted for other reasons 

aT: member of the eame patent farnfly, corresponding 
document 



2 



EP 0 846 830 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 11 6040 



This annex fists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

16-02-2000 



Patent document 
cited in search report 



Publication 
dale 



Patent family 
memberfs) 



Publication 
date 



US 1976223 



09-10-1934 



NONE 



US 5172518 


A 


22-12-1992 


NONE 








US 4901474 


A 


20-02-1990 


CA 


1321219 


A 


10-08-1993 








EP 


0435874 


A 


10-07-1991 








WO 


9100407 


A 


10-01-1991 








US 


5148631 


A 


22-09-1992 


EP 0509128 


A 


21-10-1992 


DE 


9104543 


U 


13-08-1992 






AT 


109243 


T 


15-08-1994 








DE 


59102363 


D 


01-09-1994 








DK 


509128 


T 


12-09-1994 








ES 


2061113 


T 


01-12-1994 



i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



iiini ini minium iii urn 

(1D EP 0 846 830 A2 



(12) EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) Inta 6 * E05F 15/18, E05B 47/02, 


10 061998 Bulletin 1998/24 


DDI U i y/u^ 


(21) Application number: 97116040.3 




(22) Date of filing: 16.09.1997 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


• Ghosn, Michael 


NLPTSE 


Saint Laurent, Quebec, H4N 1M8 (CA) 


Designated Extension States: 


• Friedman, Nitai 


ALLTLVROSI 


Montreal, Quebec, H4A 3B2 (CA) 




• Beaulieu, Daniel 


(30) Priority: 07.11.1996 US 744341 


Montreal, Quebec, H2L 3R9 (CA) 


(71) Applicant: 


(74) Representative: 


WEST1NGHOUSE AIR BRAKE COMPANY 


Petri, Stellan et al 


Wilmerding, PA 15148 (US) 


Strdm & Gulliksson AB 




Box 41 88 




20313Malm6(SE) 



(54) Powered door drive system and lock 



(57) Automatic door system (1) for mass transit actuated panel lock (34) provides panel locking and 
vehicles utilizing a linear induction motor (16) for power- unlocking through actuating the prime mover, 
ing door panels (17,18) from open to closed. A power 




EuropSisches Patentamt 
(1 9) /JJff European Patent Office 

Office europeen des brevets 



Printed by Xerox (UK) Business Services 
2.16.3/3.4 



1 



EP 0 846 830 A2 



2 



Description 

BACKGROUND OF THE INVENTION AND DESCRIP- 
TION OF RELATED ART. INCLUDING INFORMATION 
DISCLOSED UNDER 37 C.F.R. 1.97 ■ 1.99: 

- Power door drives or operators for mass transit 
vehicles are in widespread use throughout the world. 
The systems now in use can be broadly divided by the 
specific energy source for the system prime mover or 
door drive. The invention disclosed herein pertains gen- 
erally to door drives employing electrically powered 
devices as prime movers. 

Generally speaking, electrical drives utilize highly 
reliable rotary electric motors operating doors through 
intermediate devices. These intermediate devices con- 
vert rotary motion of the drive motor to linear and/or 
other movement required to move the vehicular door 
panels. Intermediate devices as contemplated herein 
can further be categorized as mechanical linkages or 
rotary helical drive systems. 

While reliable and reasonably cost effective, a 
major shortcoming of the above described drive sys- 
tems lies in need for an intermediate component 
between the prime mover and door panel. At a time 
where system reliability is an increasingly important fac- 
tor in choosing door systems, the use of a prime mover 
such as a linear induction motor which directly drives 
the panels, essentially eliminates much of the interme- 
diate linkages, thereby substantially increasing the reli- 
ability of the overall system. 

Linear induction motor (LIM) drives have been pro- 
posed as door panel drives for some time. U. S. Patent 
1 .950,627 discloses and claims such a system. How- 
ever, as disclosed in U.S. Patent 1.950.627 the system 
as disclosed, generally speaking, would be inoperative 
and/or impractical due to the space and power limita- 
tions currently present in mass transit vehicles. 

Further, previous innovations disclosed under prior 
art patents using LIM drives did not contemplate other 
requirements mandated by public transportation car 
manufacturers and municipal or federal authorities. 
Additional requirements such as: reliable mechanical 
lock device, immunity against iron dust with simplified 
mechanical design resulting in reduced maintenance, 
ability to conform to a restricted mounting space and 
envelope, door panel obstruction detection capability, 
reliable emergency door opening mechanism and 
smooth door opening and closing speed profile. 

Applicant however, has discovered an approach to 
integrating presently available linear induction motors 
into modern complex door control systems required by 
todays transit authorities. 

It is, therefore, an object of the invention disclosed 
herein to provide a door control system for mass transit 
vehicles wherein the combination of electrical control 
and door drive components has high reliability through 
reduction in the number of components employed. 



It is an additional object of the invention to provide 
a door drive wherein the prime mover drive forces are 
directly applied to the drive panel. 

It is a further object of the invention disclosed 
5 herein to provide a door drive prime mover wherein 
components intermediate the prime mover energy 

source and drive door panel are reduce to one moving 

part. 

it is yet an additional object of the invention to pro- 
10 vide an electronic control for a linear induction motor 
door drive wherein door edge force and door speed are 
controlled with direct electromechanical devices. 

It is an additional object of the invention to provide 
a door drive incorporating a LIM motor having drive 
is powered door opening lock. 

SUMMARY OF THE INVENTION: 

A double side linear induction motor is used to 

20 move a public transportation car door. A closed control 
loop via a variable voltage, variable frequency inverter 
and a computerized algorithms or other suitable control 
modes, including pulse width modulation of the LIM 
prime mover, achieve the desired speed/travel profile of 

25 the door panel motion. The total weight of the door is 
supported by a linear bearing hanger. A sealed rotary 
incremental optical encoder actuated by the LIM motor 
transport part or rod indicates, through use of algo- 
rithms, the instantaneous door panel position. Door sig- 

30 nals from the encoder are processed to get the door 
panel speed information. 

A mechanical device integrated into the LIM trans- 
port rod assembly ensures locking the door panel at 
fully closed position. Unlocking this latter mechanism is 

35 achieved by the further motor transport part movement. 
A mechanical limit switch is mounted on the lock mech- 
anism to inform the control algorithms on the door sta- 
tus. 

A doifcle side linear induction motor is mounted 

40 overhead of , and magnetically coupled to, a movable 
door panel. The panel is independently attached to a 
suitable hanger and the hanger in turn is journaled for 
motion along a door panel support 

The linear induction motor stator or stationary com- 

45 ponerrt is suitably attached to the car structure over- 
head and adjacent to the door hanging system. The 
linear induction motor transport rod or movable arma- 
ture is attached to the above described hanger. Since 
the transport rod moves only parallel to the half of the 

so door traveled, efficiency of the drive is high and requires 
no intermediate components. 

As coupling between the linear induction motor sta- 
tor and transport rod is magnetic, door panel breakaway 
force is limited and controllable independent of the door 

55 speed. This feature reduces potential passenger haz- 
ards and mechanical wear on the overall drive system. 

Movement and location of the transport rod is 
sensed and indicated by a simple counter operated by a 
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portion of the transport rod. Operation of the door drive 
by the linear induction motor drive is therefore controlla- 
ble by relative simple, highly reliable electrical compo- 
nents including relays and/or power electronic devices. 

A novel lock secured to the linear induction trans- 
port rod secures the rod and thereby the door panel to 
the operator base plate through the action of a spring 
latch carried on the transport rod and a lock pin on the 
baseplate after panel locking. Unlocking is achieved by 
lost motion of the latch in relation to the transport rod 
when driven in the door opening direction after locking 
has been completed. 

BRIEF DESCRIPTION OF TH E DRAWINGS: 

Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the drawings in 
which: 

Figure 1 is a pictorial block diagram showing a con- 
figuration of the invention utilized to drive by-parting 
sliding doors, including a diagrammatic showing of the 
location of the door locks and door position sensor for a 
door closed condition. 

Figure 2 is a pictorial block diagram particularly 
showing a view of the left hand door of Figure 1 with the 
operator in place, particularly showing a complete 
hanger. 

Figure 3 is a perspective view of the door drive of 
the invention in staj, partially showing a transit vehicle 
wherein the door drive is located in the transit car over- 
head. 

Figure 4 is a partial or tearaway section of Figure 3 
showing the operator of the invention in position over 
the door of Figure 2 for a door closed condition, particu- 
larly showing the linear induction motor, its transport rod 
and associated motion sensor, attached to one door 
panel in a door closed and locked condition. 

Figure 5 is a partial section along line 5-5 of Figure 
3, particularly showing the guide/support structure for 
sliding doors as disclosed. 

Figure 6 is a partial view of the door drive of the 
door system of Figure 1 , particularly showing the rela- 
tionship between the linear induction motor drive trans- 
port rod and lock members for a single door panel in a 
door open position. 

Figure 7 is a further view of the door panel of Figure 
6 in a door closed position. 

Figure 8 is a partial view of the door system panel 
lock and manual panel release assemblies showing the 
panel lock components as associated with the LIM 
transport rod and operator baseplate for a panel 
unlocked condition. 

Figure 9 is a view of the panel lock components of 
Figure 8, for a closed panel condition with lock compo- 
nents immediately prior to a fully locked condition. 

Figure 1 0 is a further view of the lock components 
of Figure 9, particularly showing the lock in an engaged 



condition. 

Figure 11 is a further partial view of the lock compo- 
nents of Figure 10, particularly showing operation of the 
emergency cable release from a locked condition. 

5 Figure 12 is an additional partial view of the lock 

components of Figure 11, particularly showing unlock- 
ing by action of the emergency cable. 

Figure 13 is an exploded partial tearaway view of 
the lock and emergency release mechanism, particu- 

io larly showing spatial relationship of lock components 
and the operator baseplate. 

Figure 14 is a further partial tearaway view of the 
emergency mode of components, particularly showing 
emergency unlocking. 

is Figure 15 is a sectional view of the operator of the 
invention in place above the opening of Figure 3. and 
along line 15-15 of Figure 7, particularly showing door 
hanger, LIM components, and transfer rod. 

Figure 16 is a further sectional view of the operator 

zo along line 16-16 of Figure 7, particularly showing the 
LIM transfer rod operator baseplate and lock compo- 
nents. 

Figure 1 7 is a further sectional view of the operator 
along line 17-17 of Figure 7, particularly showing the 
2s LIM transfer rod attached to the door hanger. 

DETAILED DESCRIPTION OF THE INVENTION : 

In reference to Figures 1 and 2, there is shown in 

30 semi-diagrammatic form a door drive system 1 including 
a door controller 5 having a logic unit 12 and individual 
panel drive controllers 9. The drive unit 5 provides con- 
trolled power to a linear induction motor door drives 16. 
thereby moving door panels 17 and 18, over and away 

35 from an aperture in a car body 3 (reference Figure 3). 
Panels 17 and 18 include windows 14 and sealing 
edges 19. Panels 17 and 18 are further slidably 
mounted for motion over and away from an aperture in 
the car body through upper end attachment via door 

40 hangers 24 to a door hanger rod 20. The door hanger 
rod 20 is attached to the car body 3 via hangers 21 . 

Reciprocal motion of doors 1 7 and 1 8 over an aper- 
ture 4 in the car body 3 is obtained through force 
exerted by linear induction motor (LIM) actuator assem- 

45 blies 16 via a LIM transfer rod 26, also attached to door 
hanger 24. Information relating to the position of each 
door panel 1 7 or 1 8 is transmitted to the logic unit 1 2 via 
a suitable distance measuring transducers 22 and 23. 
thereby supplying the controller 5 with information 

so describing door panel travel when powered by LIM actu- 
ators 25 and 30. 

In more particular reference to Figures 4. 5 and 6, 
the lower edge of door panels 1 7 and 1 8 is slidably con- 
tained in a slot (reference Figure 5) in the car body 3. In 

55 reference to Figure 4, with the door panel 17 in a fully 
closed position, the transfer rod 26 of LIM actuator 25 
has moved door lock assembly 40 into a locked condi- 
tion, securely maintaining panel 17 in a door closed 
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position. Similarly, (reference Figure 7) right hand LIM 
actuator 30 has, in moving panel 18 to a closed position, 
extended LIM transfer rod 26 and actuating lock assem- 
bly 34, thereby maintaining door panel 18 in a securely 
closed position. 

Incorporated and adjacent to lock assembly 34 is a 

manual door lock release assembly 50 _(reference_Figr 

ures 6 and 1 1). Since the operation of the manual door 
release assembly involves operating elements of the 
primary door lock assembly 40, description of the inter- 
action will proceed as adjunct to operation of the pri- 
mary lock assembly 40. It should be noted that as the 
right hand and left hand lock assemblies are identical, 
other than a reversal of parts for each individual LIM 
door drive, the following description will proceed by fol- 
lowing movement of the right hand panel 18 from a fully 
opened position (reference Figure 6) to a fully closed 
position (reference Figure 7). 

It should also be noted that positioning of door lock 
and manual unlock components on opposite sides of 
the LIM actuator transfer rod 26 require occasional 
referral to exploded and detailed drawings of the lock 
components and interrelations depicted on Figures 1 1 , 
12, 13, and 14. 

Door lock and manual unlock assemblies 34 and 50 
for panel 18 in a fully opened position are best shown in 
Figure 8 with further reference to exploded and detailed 
component drawings shown in Figures 13 and 14. With 
reference to Figure 8, there is shown lock pawl 42 
mounted for rotatable movement on and along lateral 
movement of transfer rod 26 by pivot pin 43. Additional 
movement of lock cam 42 around pivot pin 43 is 
restrained by unlock pin 44 acting through aperture 48 
in transfer rod surface 27 (partially shown). Lock cam 42 
is also controlled by spring 46 affixed to the lower end of 
lock cam 42 and attached to transfer rod 26 so as to 
maintain a predetermined rotational force bias on the 
position of lock cam 42 as retained by the combination 
of pin 44 and slot 48 (as shown in Figure 8). 

Adjacent the opposite end of transfer rod 26, lock 
pin 41 is suitably attached to the operator base plate 29 
(reference Figures 13 and 16). Also attached to base 
plate 29 (reference Figure 13) is limit switch bracket 39 
and limit switch 38 (as shown). Limit switch 38 includes 
a suitable operating arm in order to co-act with the lock 
cam 42, thereby signaling the door in a fully closed posi- 
tion. 

The manual release assembly 50, essentially 
attached to base plate 29 includes a door release actu- 
ating arm 52 mounted for pivotal motion around pin 53. 
Pivotal motion of arm 52 is controlled by bias spring 58, 
maintaining the arm in an unactuated position. Located 
at an appropriate position along arm 52 there is a 
bracket 54 rotatably attached to arm 52 by pivot 59. 
Bracket 54 is contained in baseplate slot 60. The oppo- 
site end of bracket 54 has one end of release cable 56 
attached thereto. Slot 61 in baseplate 29 is provided for 
adjustment of the manual release assembly operation. 



Similarly slot 48 in baseplate 29 is provided for adjust- 
ment of the operating position of lock pin 41 when 
coacting with lock cam 42. The significance of this will 
be discussed below. 
5 Turning to Figure 8, operating elements of primary 

lock assembly 34 are shown in door open, unlocked 
_ _ _condition.-Lock-cam 42 is shown- with its unlock pin 44 
engaged in the furthermost left hand position of slot 48. 
Spring 46 provides a predetermined amount of force 
10 maintaining cam 42 (as shown) and ensuring that future 
lock condition is maintained. 

Turning now to Figure 9 where the transfer rod 26 
has moved the left hand panel into a door closed posi- 
tion by actuation of the LIM actuator 25. lock pin 41 has 
is rotated cam 42 around pivot 43 in a counterclockwise 
direction allowing lock pin 41 to enter slot 49. In Figure 
9. the locking action has been completed with lock pin 
41 securely held in slot 49 through the action of spring 
46. Note that unlock pin 44 has returned to its initial 
20 position shown in Figure 8. This essentially completes 
the locking action of the door drive system. 

Unlocking of the previously locked door panel is 
obtained by energizing the LIM actuator so as to propel 
the transfer rod 26 in a direction 62 opposite to that 
25 shown in Figure 9. Movement of transfer rod 26 in a 
direction 62 (reference Figures 9 and 10) exerts a force 
against lock pin 41 and the left hand edge of slot 49 in 
lock cam 42. When the force 62 exceeds a predeter- 
mined value, a force couple developed between lock pin 
30 41 affixed to the operator baseplate and pivot 43 affixed 
to the transfer rod 26 provides counterclockwise rotation 
of cam 42 such that pin 44 moves to the right hand por- 
tion of slot 48 in transfer rod 26 (reference Figure 9). 
The counterclockwise rotation of cam 42 disengages 
as lock pin 41 and slot 49, thereby allowing transfer rod 26 
to move toward an open position (reference Figure 6). 
Operation of the right hand or opposite panel of the door 
system of the invention is identical and will not be sepa- 
rately described. 
40 Operation of the manual door lock release is 
accomplished through the action of pivoting lever 52 
(reference Figure 1 1) in response to a force exerted on 
member 54 contained in slot 60 for limited movement 
therein (reference Figure 13) and pivotally attached to 
45 lever 52 at pivot 54. On application of force from cable 
56 through handle sufficient to overcome the force 
exerted on the lower end of lever 52 by spring 58. lever 
52 rotates around pivot 53 attached to baseplate 29. 
into a position where it contacts unlock pin 51 (reference 
so Figures 13 and 14). Further movement of cable 56 at a 
predetermined force rotates lock cam 42 around pivot 

43 within the limits provided by slot 48 in the transfer rod 
26. Movement of unlock pin 51 such that door unlock pin 

44 occupies the position shown in Figure 9, wherein 
55 lock pin 41 and slot 49 are disengaged, allowing manual 

movement of door panels to an open position. 
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Claims 

1. In combination, a sliding door system for opening 
and closing an aperture in the side wall of a transit 
vehicle comprising: 

an opening in the side wall of a transit vehicle; 
at least one door panel mounted for reciprocal 
motion over and away from said opening; 
a linear induction motor for moving said panel 
from open to closed over said opening, said 
motor attached to said panel mounting means; 
means attaching said motor to said panel; 
a lock on said motor for retaining said door in a 
closed position comprising: 

a transfer rod movable mounted on said 
motor, said rod applying force generated 
by said motor to said panel for movement 
from open to dosed on energizing said 
motor; 

lock means on said rod; 

lock means on said panel mounting 

means, said rod locking means and panel 

mounting means coacting to retain said 

panel in a closed position; 

means energizing said motor and moving 

said rod to a closed position over said 

opening, thereby locking said panel. 

2. The combination of claim 1 further comprises: 

means energizing said motor for applying and 
generating force on said rod for moving said 
panel from said closed to open; 
lost motion means in said transfer rod lock, said 
means intermediate said rod and panel, and 
unlocking said coacting panels and mounting 
lock means on application of said motor force. 

3. The combination of claim 1 or 2 wherein: 

said transfer lock means is a lock cam rotatably 

mounted on said rod; and, 

said panel mounting means is a baseplate; 

and, 

said locking means is a lock pin mounted on 
said baseplate; and, 

said lost motion means is an arcuate slot on 

said lock cam; 

a lock pin on said rod; 

wherein said arcuate slot coacts with 
said lock pin thereby providing restricted lost 
motion through lock cam rotation within said 
slot. 

4. A lock for a power operated door panel in a transit 
vehicle utilizing the transfer rod of a linear induction 



motor for moving said panel from open to closed 
over an opening in said vehicle side wall compris- 
ing: 

5 a baseplate for mounting said motor on said 

vehicle; 

a transfer rod extending from said motor, said 

rod providing reciprocal motion corresponding 

to open and closed panel positions; 
io distal ends on said rod; 

means attaching said panel and rod end; 

a lock pawl rotatably mounted for limited lost 

motion on said rod end; 

an arcuate slot in said lock cam; 
is a lock pin mounted on said baseplate; 

an unlock pin mounted on said rod adjacent 

said end, said pin contained in said arcuate 

slot; 

means selectively energizing said motor for 
20 moving said rod, said rod movement opening 

and dosing said opening; 

wherein rod motion in a door closing 

direction establishes coaction between said 

lock pawl and lock pin, said coaction locking 
25 said panel in a dosed condition. 

5. The lock of claim 4 wherein selectively energization 
of the drive motor in an opening direction and 
resultant motion of said rod further establish coac- 
30 tion between said cam and unlock pin, thereby 
rotating said cam, said rotation limited by said slot; 

wherein said lock cam rotates to unlock said 
door without movement of said panel. 
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FIG. II 
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